Some inbred mouse strains manifest striking inherited differences in susceptibility to certain virus infections (1, 21) . Experiments designed to explain such "natural resistance" to infection have revealed involvement of a T-cell-mediated mechanism in polyoma infections (3) , an innate resistance of macrophages to infection with mouse hepatitis virus (37) , and a putatively selective action of interferon in resistance to group B arboviruses (14) .
Inbred A2G mice are genetically resistant to infection with lethal doses of diverse strains of pneumotropic and neurotropic influenza viruses (20, 23) . Although the mechanism responsible for this resistance is unknown, it seems to be controlled by a single dominant autosomal gene, Mx (19) , and is thus far unique among over 20 strains of inbred mice tested (7) .
Immunosuppression has been used extensively to assess the contribution of host immunological mechanisms to recovery from virus infections (1, 31, 33) . Because cyclophosphamide can potentiate infections with neurovirulent influenza viruses in susceptible animals (26, 29) , we tested whether or not immunosuppression would abrogate the unique natural resistance of A2G mice to influenza virus. ' Publication number 95 from the Tumor Biology Unit. The results of this study suggest that the genetic resistance of A2G mice to the acute lethal effects of neurovirulent influenza infection does not depend on the induction of primary immune mechanisms as we currently understand them. 
RESULTS
Neurovirulence and growth of WSN in normal A/J and A2G brains. A/J mice are representative of those mouse strains which invariably succumb to the rapidly progressive encephalomyelitis which follows i.c. inoculation of neurotropic influenza virus (20; Fig. 1 ). In addition, the close genetic similarity of A/J to A2G makes them the most appropriate susceptible control in the current absence of mice congenic with A2G at the virus resistance locus, Mx (20) . WSN-infected A/J mice begin to develop a hunched posture with ruffled fur as early as 2 to 3 days PI. This is followed in the next few days by increased lethargy with extension and paresis of the hind limbs. Deaths occur not usually later than day 7 PI (Fig. 1) . In marked contrast, A2G mice neither succumb to nor show any clinically apparent signs of central nervous system (CNS) disturbance at any virus dose short of one that is toxic (23) . brains supported the growth of WSN, but that maximum titers reached in A2G were at least 100-fold lower than those in A/J, which is in complete accord with earlier observations (23) . The virus growth curves reflect the fact that only 5% of the i.c. inoculum is probably retained within the brain, the remainder being disseminated intravenously (5, 28) . Thus, in Fig. 1 (Fig. 2) . Furthermore, CY and X irradiation prevented sensitization of A2G mice to OX, a potent inducer of cellmediated, delayed-type cutaneous hypersensitivity in mice (3; Fig. 3 ). A2G mice rendered unresponsive to topical OX challenge were nevertheless able to resist concurrent challenge with a lethal dose of WSN administered i.c. (Fig. 3 ). Under all of these conditions, A2G mice exhibited no outward signs of CNS infection throughout the 40-to 60-day observation periods. Table 1 (suppression of A2G with CY) and Table 2 (suppression of A2G with X irradiation) present this phenomenon in more detail. A few deaths occurred in CY-suppressed A2G mice challenged with virus (Table 1 , groups C and F). These, however, occurred later and were unaccompanied by any of the signs of CNS disturbance seen in A/J mice. Necropsy revealed that A2G mice dying under these conditions had severe Pseudomonas sp. pneumonia. Deaths and pneumonia could be sharply reduced and even prevented in immunosuppressed WSNinfected A2G by keeping the mice on acidified drinking water (13, 15 A most striking and regular finding in both normal and CY-suppressed A2G was the occurrence of numerous intranuclear inclusion bodies in epithelial cells of the choroid plexuses from days 2 to 10 PI (Fig. 6j) . These inclusions were not evident in normal or sham-inoculated A2G mice (Fig. 6k) and were never seen in the (8) .
Fluorescent microscopy. Our impressions concerning the extent of WSN infection obtained by virus growth measurements and by light microscopy were substantiated utilizing specific antiviral immunofluorescence (Fig. 6a through i). In A/J and in normal and CYtreated A2G, specific fluorescence could not be found in liver or lung sections at days 1, 3, or 5 PI.
Immunofluorescent observations in A/J brain. At 24 h PI, fluorescence of ependyma and choroid plexus varied from specific staining of individual cells or short segments of cells to fluorescence of entire ventricular profiles, depending on the level examined ( Fig. 6a and b) . In some sections isolated fluorescent cells were seen in the immediate subependymal region; these cells appeared to be connected to the ependymal lining by short fluorescent filaments (Fig. 6a) . By day 2 PI the entire ependyma and most of the choroid plexus of the lateral, 3rd, and 5th subependymal cells had increased in number (Fig. 6c) . On day 3 parenchymal staining took the form of definite periventricular zones of fairly dull diffuse fluorescence surrounding the lateral and 3rd ventricles. By day 4, the zones of fluorescence surrounding the lateral and 3rd ventricles had increased in size (Fig. 6g) . Fluorescent foci were seen in the meninges of the ventral surface of the brain, and fluorescence often extended into the adjacent parenchyma. Isolated fluorescent foci were noted deep within the septal area and the thalamus. The corpus collosum contained many fluorescent cells, which formed a band connecting the paraventricular fluorescent zones of the lateral ventricles. By day 5, paraventricular fluorescent zones were larger, and deep parenchymal fluorescent foci had increased in number and size. The pyramidal layer of the hippocampus could be seen as a band of fluorescent cells paralleling the lateral ventricular arc. These findings are summarized schematically in Fig. 7 .
Immunofluorescent observations in brains of normal and CY-treated A2G mice. The immunofluorescent findings were essentially identical in normal and CY-suppressed A2G. At 24 h PI, fluorescence in both groups was observed only in isolated ependymal cells or short segments of ependymal cells and rarely in single or small clusters of choroidal epithelial cells (Fig. 6d and e numbers of fluorescent ependymal and choroidal cells in both groups, but in any one section specific staining never involved more than 50 to 75% of the ependyma or choroid plexus (Fig. 6f) . Isolated fluorescent cells were occasionally seen in the immediate subependymal regions in both intact and suppressed mice. Ependymal and choroidal fluorescence on day 3 was reduced in both groups to approximately the level seen on day 1. A few isolated fluorescent subependymal cells were again noted. On days 4 and 5, specific staining of the ependymal surfaces was further reduced, and fluorescence was not detected in the choroid plexus in either intact or CY-treated mice (Fig. 6h) . Fluorescent subependymal cells were rarely seen in intact mice at this time, whereas the number of such cells appeared slightly increased in immunosuppressed mice. On day 6 fluorescence was undetectable in the nonsuppressed A2G group except for a single focus of several fluorescent subependymal cells in one brain. In suppressed A2G, on days 6 and 8 PI, a few isolated fluorescent ependymal and parenchymal cells could be seen (Fig. 6i) . By day 12 PI only a rare paraventricular fluorescent focus was evident in a few suppressed A2G brains. The above findings are summarized schematically in Fig. 7 .
DISCUSSION
Although first described over 11 years ago (23) , the natural resistance of the A2G mouse to lethal infection with neurotropic and pneumotropic influenza viruses has not been critically analyzed. Our previous studies utilized A2G extensively because of this innate resistance but focused primarily on tumor immunity following viral oncolysis in this strain (6, 28) . This study represents an attempt to shed light on the genetic resistance mechanism involved.
Immunological mechanisms have been shown to play an important role in resistance to and recovery from different virus infections in the mouse, although the relative contribution of specific antibodies and sensitized lymphocytes can vary markedly (1, 33) . Thus, recovery from generalized ectromelia (mouse pox) seems to depend on intact cell-mediated immunity (4). Alternatively, an important role for antibody has been demonstrated in the recovery of mice from Coxsackie virus (35) and vaccinia virus infections (41) .
The data show that immunosuppression with CY or X irradiation neither renders A2G mice susceptible to lethal i.c. infection with neurotropic WSN nor results in increased levels of virus replication in A2G brains. Furthermore, the location and course of the infection in immunosuppressed and normal A2G brains is identical as revealed by specific antiviral immunofluorescence. These facts lead us to the conclusion that the natural resistance of the A2G mouse to lethal i.c. infection with neurotropic influenza virus does not depend on PI humoral or cell-mediated immune responses.
This conclusion is at odds with an observation that CY abolished the genetic resistance of A2G to lethal infection with neurotropic influenza strain AJ/NWS (26) . We are unable to provide any rational explanation for this discrepancy. However, major differences may exist between methods used in the two sets of experiments.
Evidence other than the data presented here argues that the primary immune response has no critical role in A2G resistance to i.c. infection. We have, in A2G mice, corroborated findings (27) that influenza virus is a thymusdependent antigen (9) . Thus, A2G mice rendered immunologically unresponsive to neurotropic influenza virus by newborn or adult thymectomy nevertheless resist lethal i.c. infection (P. A. Klein, manuscript in preparation). In addition, Haller and Lindenmann have shown that the genetic resistance of A2G mice is fully expressed in 75% of the F2 progeny of a cross between A2G (mx/mx) and nude (nu/nu) mice despite immunological unresponsiveness to the virus (12) .
If not immunological, what then is the mechanism of A2G genetic resistance to influenza virus? We know that the resistance appears to be highly specific. A2G mice are fully susceptible to lethal i.c. infection with herpes simplex, Newcastle disease, rabies, vesicular stomatitis, yellow fever, West Nile, encephalomyocarditis, poliomyelitis, and Echo type 9 viruses (20) . One pneumotropic strain (A2/S ingapore/1/57) proved lethal to A2G by the intranasal route, but this has not been confirmed (20 (33) , but has neither been observed elsewhere nor confirmed.
We have considered the possibility that CY and X irradiation fail to suppress the activity of a unique brain-based immunological system in A2G which is refractory to immunosuppression. This idea is untenable for several reasons. First, the immunosuppression was effective at the level of the brain tissues because of the reproducible and striking absence of inflammatory infiltrates in the brains of CY-treated and X-irradiated A2G concurrently resisting infection (25) . Furthermore, no cellular lymphoid elements in A2G brains are missing from A/J brains. Finally, A2G brains do not contain a preexisting inhibitor capable of stopping virus replication in susceptible brains (23) .
Although the majority of the i.c. inoculum spills over into the bloodstream (5, 28) , the distribution of viral antigen in A/J brain sections early in the infection does not suggest a reentry of virus from blood into the parenchyma or growth from the edges of the i.c. stab wound (16) . On the contrary, the data suggest a direct spread of the virus from the ventricular surfaces into the brain in A/J mice. Electron microscope studies of this infection in susceptible mice by others have revealed that virion formation is limited to the free surface of the ependymal cells lining the ventricles (10) . This, coupled with the fact that the intercellular spaces in normal mammalian nervous tissues are probably no larger than 20 nm (10, 16) , means that influenza virions which are about 100 nm in diameter must have great difficulty infecting parenchymal cells by free diffusion from the ependymal lining into the parenchyma. This suggests that spread of the virus from the ventricles into the parenchyma could involve actual cell-to-cell transfer of infectious virus. If this were so, antibody and cell-mediated effector mechanisms might have to be augmented by nonspecific inflammatory cell activities for the infection to be arrested, as has been demonstrated with herpesvirus infections (24, 34) . As an explanation for the clear-cut resistance of immunosuppressed A2G this possibility seems remote, since both specific immune and nonspecific inflammatory activity are not evident in such mice.
Finally, the possibility exists that the resistance is explicable in terms of the failure of A2G cells to support neurotropic influenza replication. This putative replication defect, however, must be highly selective, i.e., must occur in some but not all cells of the A2G mouse, since WSN can undergo complete cycles of replication in ependymal cells of the ventricles and in at least some choroid epithelial cells (Fig. 6 ). In addition, the virus can grow in cultured A2G kidney cells (21) and complete replication must certainly occur in some cells of the lung (23) . Hepatotropic influenza virus can also replicate in cells of A2G liver (J. Lindenmann, personal communication).
Recent results by Allison and co-workers have suggested that cultured A2G peritoneal macrophages fail to support replication of fowl plague influenza A virus (A. C. Allison, personal communication). This finding is analogous to that of Shif and Bang in studies on the genetic resistance of C3H mice to mouse hepatitis virus (37, 38) . There are, however, several noteworthy differences between the C3H and A2G systems. While thymectomy of newborn C3H mice prevents development of their macrophage-based resistance to mouse hepatitis virus (1, 40) , thymectomy of newborn A2G mice has no effect on the development of their resistance to influenza. Furthermore, whereas CY immunosuppression leaves A2G resistance to influenza intact, it effectively abolishes the genetic resistance of C3H mice to mouse hepatitis virus (40) .
It is difficult to conceive how A2G microphage resistance could account for the failure of virus to invade the parenchyma of normal A2G from the ependymal lining, since few macrophages are evident at primary infection sites early in infection (less than 24 h PI) and a mononuclear infiltrate is never seen in immunosuppressed A2G mice resisting infection (26) . Nevertheless, the intrinsic resistance of wandering A2G macrophages to WSN infection could be important to the fate of the animal if these cells are involved in transport of infectious virus from the ventricles to the deep parenchyma where intrinsically susceptible cells could then be infected by virus.
Any mechanism ultimately elucidated to explain resistance to lethal intracerebral influenza infection must then be examined to test its applicability to the known but yet unstudied resistance of A2G lung to pneumotropic influenza (23 
